We have isolated two cDNA clones (CDES01 and 04) encoding stearoyl-acyl carrier protein desaturase (SACPD; EC 1.14.99.6) from immature sesame seeds, and have analyzed accumulation levels of the corresponding mRNAs at different stages and organs in sesame. Clone CDES01 contains an open reading frame coding for a 396-amino acid protein of 45 kDa. CDES04 encodes a partial sequence of 141-amino acids. Deduced amino acid sequences of both clones exhibit a high identity to those of other plant SACPD cDNAs. Northern blots probed with CDES01 and CDES04 indicate that both messages accumulate in a seedspecific manner with a peak at 21 days after anthesis. However, expression patterns also indicate that regulation between CDES01 and CDES04 are slightly different. The CDES01 message accumulates at a low level in young leaves in addition to seeds, whereas accumulation of the RNA transcript corresponding to CDES04 is restricted to seeds. This observation implies the presence of at least two isozymes of SACPD having overlapping but slightly distinct functions in sesame.
In higher plants, stearoyl-acyl carrier protein desaturase (SACPD; EC 1.14.99.6) is a soluble plastid enzyme encoded in the nuclear genome. SACPD introduces a double bond at the A9 position of stearoyl-ACP (18:0-ACP) and converts it into oleoyl-ACP (18:1-ACP). This process is the first desaturation step in the pathway of fatty acid biosynthesis in plants, and therefore SACPD plays a key role in determining the ratio of unsaturated to saturated fatty acids in plant membranes and storage oils (McKeon and Abbreviations: SACPD; stearoyl-acyl carrier protein desaturase, ACP; acyl carrier protein desaturase, DAA; days after anthesis.
The nucleotide sequence data of CDES01 and CDES04 appear in the EMBL, GenBank and DDBJ databases under the accession numbers D422086 and D49833, respectively. 4 Present address: Center for Gene Research, Nagoya University, Nagoya, 464-01 Japan. 5 To whom correspondence should be addressed. Stumpf 1982) . Previously, SACPD cDNA sequences have been obtained from numerous plant species including several oil-bearing crops: Castor (Knutzon et al. 1991) , safflower (Thompson et al. 1991) , cucumber (Shanklin et al. 1991a) , rape (Slocombe et al. 1992) , turnip (Knutzon et al. 1992) , spinach (Nishida et al. 1992) , jojoba (Sato et al. 1992) , potato (Talor et al. 1992) , flax (Singh et al. 1994 ) and black-eyed Susan vine (Cahoon et al. 1994) . However, little is known of the temporal and tissue-specific regulation of SACPD expression.
Sesame {Sesamum indicum L.) is an important oilbearing crop. Sesame seeds contain fine quality edible oils, rich in unsaturated fatty acids such as oleic acid and linoleic acid (85% of the accumulated lipid) (Koh 1987) . Thus, sesame is quite adequate for studying on the biosynthesis of unsaturated fatty acid. As a first step toward understanding the mechanism of regulation of SACPD expression, we isolated two cDNA clones from sesame, determined their nucleotide sequences, and examined their mRNA transcript levels in different organs and at different developmental stages.
Materials and Methods
Plant material-Sesame (Sesamum indicum L. strain 4294) was grown in a field at Toyama University. Seedlings were incubated on vermiculite under a 16 h light/8 h dark cycle at 28°C for two weeks.
Slot blot analysis-Total RNA was prepared from immature sesame seed at different stages (27, 39, 45, 49, 60 , and 70 days after anthesis; DAA) with the extraction reagent, ISOGEN (Nippongene, Japan). Ten fig, of each RNA sample was blotted on Hybond-N + membranes (Amersham, U.K.) using a filtration apparatus, Bio-Dot SF (BioRad, U.S.A.). Hybridization was performed under standard conditions using digoxigenin-labeled (Bochringer Mannheim, Germany) safflower SACPD RNA (Thompson et al. 1991 ) as a probe. Signal detection was carried out by chemiluminescence and exposure to X-ray film (New RX, Fuji, Japan).
Construction and screening of a cDNA library-Messenger RNA was purified from immature sesame seeds (27 DAA) using the Fast Track mRNA isolation kit (Invitrogen, U.S.A.). Complimentary DNA was synthesized with the Time Saver cDNA synthesis kit (Pharmacia, Sweden) and then ligated into AgtlO arms (Stratagene, U.S.A.). The resulting recombinant plaques were transferred to Hybond-N + and probed with a 420-base pair fragment of the safflower SACPD gene (Thompson et al. 1991) . Positive clones were subcloned into pBluescriptll KS+ (Stratagene) for sequencing.
Sequencing-The nucleotide sequences were determined by the dideoxy chain termination method with the UcoBEST sequencing kit (Takara, Japan) and [a-"P]dATP (ICN, U.S.A.). DNA sequences were analyzed using Genetyx Mac software (Software Development, Japan).
Northern blot analysis-Sesame total RNA was extracted from immature seeds (7-35 DAA), leaves, stems and roots of seedlings with ISOGEN. Total RNA (10 ^g) was fractionated in a 1.5% agarose gel containing 0.66 M formaldehyde, and then transferred to Hybond-N + . The membranes were hybridized with either a 1,200-base pair fragment of cDNA clone CDES01 encoding the entire length of SACPD or a 440-base pair fragment of cDNA clone CDES04 encoding the partial segment of SACPD. Hybridization with the 32 P-labeled probe was carried out under stringent conditions (5xSSC, lOxDenhardt's soltion, 10 mM Na 2 PO 4 pH 6.5, 0.5% SDS, 50% formamide, 5% sodium dextran sulfate, 0.1 mg ml" 1 denatured salmon sperm DNA at 65°C for 16 h), with final wash conditions of 0.2 x SSC, 0.1% SDS at 65°C. The hybridized blots were exposed to a sheet of Hypernlm-/miax (Amersham) for two weeks at room temperature.
Results and Discussion
Isolation and structure of cDNA clones for sesame SACPD-Slot blot analysis indicated that SACPD message was accumulated at highest levels early in the developing phase of the sesame seed (data not shown). Therefore, a cDNA library was constructed from immature seed at 27 DAA. Positive clones were detected at a rate of one in 100,000 recombinants. We isolated in total eleven clones which were subsequently divided into two groups based on their nucleotide sequences. A representative clone was selected from each group and designated CDES01 and CDES04, respectively. CDES01 contained an open reading frame encoding a 396 amino acid protein of about 45 kDa, which was large enough for SACPD (Fig. 1) . The deduced amino acid sequence of the sesame SACPD showed identi- Based on a precursor amino acid sequence deduced from cDNA clone, CDES01. ties of 89.4% and 73.6% against castor bean (Knutzon et al. 1991) and flax (Singh et al. 1994 ) SACPDs, respectively (Table 1) . The deduced amino acid sequence of sesame SACPD was considerably conserved in comparison with other SACPDs, confirming that it is an essential enzyme in higher plants. As is the case of castor bean and cucumber (Shanklin et al. 1991a) , no homology was shown between sesame SACPD and the stearoyl-CoA desaturases previously described from animals (Thiede et al. 1986 ), yeast (Stukey et al. 1990 ) and cyanobacteria (Sakamoto et al. 1994) . It is suggested that CDES01 contains a 33 amino acid leader sequence which may function as a transit peptide, and the putative mature peptide comprises 363 residues. To take this leader peptide into account, the identities with SACPDs from other plants are higher than in the whole precursor sequence; from 11.5% to 91.2%.
It is likely that clone CDES04 contained a cDNA insert encoding another SACPD (Fig. 2) . Although CDES04 is not a full-length cDNA clone, the deduced amino acid sequence of the partial segment has identities of 78.7% to 89.4% with SACPDs from other plants (data not shown). In addition, since CDES04 has a 85.1% identity to CDES01, it is probable that CDES01 and CDES04, although showing reatively high homology to palmitoyl-ACP desaturase as previously reported by Cahoon et al. (1992) , are isozymes of sesame SACPD. To assess the copy number of SACPD gene in sesame, we carried out southern blotting analysis of genomic DNA using CDES01 cDNA as a probe. The resulting banding patterns were consistent with the presumption of the existence of at least two genes in S. indicum (data not shown). To date, SACPD isozymes have been reported only for rape seed (Slocombe et al. 1994 ) and black-eyed Susan vine (Cahoon et al. 1994) .
Temporal accumulation of SACPD messagesThe temporal gene regulation of two SACPD isozymes (CDES01 and CDES04) was analyzed in the developing seed of sesame. We obtained preliminary data by RNA slot blot analysis using RNA samples from developing seeds between 28 and 70 DAA and a gene fragment of safflower SACPD as a probe. The level of accumulated transcripts peaked at 28 DAA, and then leveled off (data not shown). Consequently, we conducted further analysis of mRNA accumulation in developing seeds between 7 and 35 DAA by northern hybridization (Fig. 3A) . Results indicated that CDES01 transcription was already induced at 7 DAA, peaking at 21 DAA, and reducing rapidly after 35 DAA. This result is in accordance with SACPD function in fatty acid unsaturation since this process precedes lipid synthesis. By contrast, although mRNA of CDES04 exhibited a similar peak in accumulation at 21 DAA, it was less accumulated than CDES01 in the early developing phase (7-14 DAA). Therefore, it is implied that CDES01 and CDES04 may have slightly different functions.
Organ specific accumulation of two SACPD tran- scripts-We further investigated possible differences in two mRNAs are seed specific, however slight differences in organ specific accumulation between mRNA correspondthe expression patterns between them were detectable. A ing to CDES01 and CDES04 (Fig. 3B) . Total RNA was pre-weak signal was obtained in leaf using CDES01, but not pared from leaf, stem, root and immature seed (21 DAA). for CDES04, as a probe. We can presume from this result With both SACPDs, strong signals appeared in seeds. This that the two SACPDs of sesame have not similar speresult is consistent with SACPD's role in the production of cificities and may have somewhat different roles in lipid biounsaturated fatty acids which in sesame seeds comprise synthesis. The fact that CDES01 can crosshybridize with 85% of the total fatty acid. For the most part, both the CDES04 depending on hybridization conditions (data not The message corresponding to CDESOl in sesame leaves is not as low as compared to the cases of rape seed (Slocombe et al. 1992) or castor bean (Shanklin et al. 1991b ). This result is probably related to the fact that sesame synthesizes not insignificant amounts of lipids in other organs besides seeds such as in leaves and stems. According to recent investigations, in Brassica SACPD is expressed in oil bearing tissue or rapidly growing tissue such as in the anther or meristem (Slocombe et al. 1994 ). Our results with CDESOl are in general agreement with those reports. We think that SACPD regulation as exemplified with CDESOl is related to the ability of individual organs of particular plants for lipid synthesis.
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From our results and other reports, SACPD gene is regulated temporally, tissue specifically (Slocombe et al. 1991 (Slocombe et al. , 1994 , and is growth-temperature dependent (Cheesbrough 1990). These results suggest that the promoter of sesame SACPD may be useful for the purpose of genetic engineering. SACPD is a key enzyme that determines the proportion of lipid saturation. Consequently, the expression and activity of SACPD also plays a prominent role in determining storage oil quality and chilling tolerance. Recently, in turnip, a case of antisense inhibition of SACPD gene was reported (Knutzon et al. 1992) . We hope to use the SACPD promoter for sense and antisense transgenic experiments using both homologous and heterologous genes. In particular, we are aiming for the generation of new sesame strains that produce well-balanced fatty acids. We are now studying other desaturases and the genomic gene structure of SACPD in attempt to identify the mechanisms governing their regulation. We are also developing methodologies for the production of transgenic sesame, to investigate further the mechanisms of fatty acid biosynthesis and the regulation of SACPD and other genes in sesame.
